The aim was to critically appraise the methodological quality of studies and determine the psychometric qualities of Past-week and Usual-week Physical Activity Questionnaires (PAQs). Data sources were obtained from Pubmed and Embase. The eligibility criteria for selecting studies included: 1) at least one psychometric property of PAQs was examined in adults; 2) the PAQs either had a recall period of usual 7-days (Usual-week PAQs) within the past 12 months or during the past 7-days (Past-week PAQs); and 3) PAQs were self-administered. Study quality was evaluated using the COSMIN taxonomy and the overall psychometric qualities evaluated using pre-established psychometric criteria. Overall, 45 studies were reviewed to assess the psychometric properties of 21 PAQs with the methodological quality of most studies showing good to excellent ratings. When the relationship between PAQs and other instruments (i.e., convergent validity) were compared between recall methods, Past-week PAQs appeared to have stronger correlations than Usual-week PAQs. For the overall psychometric quality, the Incidental and Planned Exercise Questionnaire for the Usual-week (IPEQ-WA) and for the Past-week (IPEQ-W) had the greatest number of positive ratings. For all included PAQs, very few psychometric properties were assessed with poor ratings for the majority of the overall qualities of psychometric properties indicating the limitation of current PAQs. More research that covers a greater spectrum of psychometric properties is required to gain a better understanding of the qualities of current PAQs.
Background
Increasing the level of physical activity (PA) is paramount for improving physical and psycho-social health across a wide range of populations [1] . In fact, physical inactivity is now considered to be one of the four leading risk factors for developing chronic disease and global mortality [2] . Subsequently, measuring the level of PA is important to ascertain at-risk populations and monitor interventions aimed at reducing chronic disease development. However, PA determination is only viable when implementing valid and reliable measures that: a) determine frequency, intensity and type of PA; b) identify individuals that meet health recommendations; and c) evaluate the effectiveness of various PA modalities on specific outcome measures [3] .
Several objective measures of PA have been developed including accelerometers, pedometers and heart rate monitors [4] . Whilst these methods are considered valid and reliable for determining PA level [4] , they are often too costly and/or cumbersome to use. Furthermore, the validity of accelerometer-based estimates of PA has also been called into question [5] . Prior to these objective measuring devices, subjective measures such as PA questionnaires (PAQs) were used to determine PA level and still remain the preferred method as they can be self-administered and convenient and cost-effective, particularly in large-scale clinical trials [6] . However, misreporting of PA is common with PAQs, particularly due to difficulties recalling the intensity and type of PA performed previously [7] . Subsequently, greater attention is needed to determine the quality of psychometric properties of a range of PAQs.
Currently, there are two main recall methods that determine previous PA level. The first method identifies recent PA level over the past 7 days (i.e., Past-week PAQs) [8] . The second method assesses average week PA level within the past 1-12 months (i.e., Usual-week PAQs) [9] . Both types of PAQs have several advantages and disadvantages. For example, Usual-week PAQs can provide habitual PA patterns minimising the inherent weekly variation in PA [10] . However, respondents may experience difficulty in recalling their PA patterns over a longer period of time, particularly at light-moderate intensities [11] . Conversely, Past-week PAQs result in more accurate recall of recent PA patterns and therefore may better represent objective measures [12] . However, Past-week PAQs do not account for week-to-week variability in PA level and thus may misclassify individuals as physically active/inactive. Therefore, Past-week and Usual-week PAQs provide distinct characteristics of PA which researchers need to consider when selecting PAQs for their intervention. Delbaere et al. [13] compared different recall versions (i.e., Past-Week [W] vs. Average Weekly PA over the past three months [WA] ) of the Incidental and Planned Exercise Questionnaire (IPEQ) in older people noting that IPEQ-WA had better psychometric properties overall, with better internal consistency and higher test-retest reliability than the IPEQ-W. However, examination of convergent validity against objective measures (e.g., accelerometers, pedometers) was not conducted for each recall method of IPEQ, despite using objective measures considered as the best approach for establishing PAQ validity [14] . Furthermore, whilst [13] measured test-retest reliability, convergent validity, structural validity and internal consistency, they did not compare measurement error between IPEQ-W and IPEQ-WA and content validity was not addressed. In order to identify the delimitations of PAQs due to different recall methods, and to assist practitioners and researchers with the best selection of robust PAQs, all psychometric properties of PAQs should be evaluated.
The Consensus-based Standards for the selection of health Measurement Instrument (COSMIN) group developed a critical appraisal tool to evaluate the methodological quality of studies that examined the psychometric properties of health measurement instruments [15] . This appraisal tool, known as the COSMIN checklist, allows for determination of the quality of study design and statistical analyses on validity, reliability and responsiveness of questionnaires [15] . Silsbury et al. [16] recently examined the methodological quality of studies examining the psychometric properties of ten selected self-reported PAQs using the COSMIN checklist. The authors reported fairto-good test-retest reliability of PAQs and variable convergent validity against other objective measures. Whilst these findings provide insight on the usability of the 10 selected PAQs, the authors did not provide a clear description of the inclusion/exclusion criteria used for selecting PAQs nor give consideration for PAQs recall methods which introduces bias. Furthermore, appropriate search strategies for literature database using 'subject headings' and 'free texts' were not reported, limiting the replicability of the searches. Moreover, [16] did not interpret the psychometric quality of PAQs based on an established quality criterion. Terwee et al. [17] developed a quality criterion to interpret results from studies assessing the psychometric properties of questionnaires based on previously existing guidelines and consensus amongst experts. Furthermore, [18] suggested synthesising and combining results from COSMIN rating of study quality and [17] rating of psychometric quality to report the overall quality of psychometric properties of each questionnaire.
Indeed, previous studies have used similar quality criteria to review the psychometric quality of self-reported PAQs [19] [20] [21] . However, these review papers appeared to have been derived by the same literature search and were separated according to PAQs for youth [20] , adults [19] and the elderly [21] . Combining results of studies that have examined the psychometric qualities of PAQs amongst different population groups may provide a more holistic understanding of the usability of existing PAQs. Furthermore, the computerised search for these systematic reviews [19] [20] [21] was conducted in May 2009 and thus warrants an update considering the constant growing body of literature in psychometrics. Importantly, none of the systematic reviews published to date have systematically compared the quality of psychometric properties between PAQs with different recall methods (e.g., usual-week versus past-week PAQs) using previously established quality criteria.
Therefore, the aims of this systematic review were to critically appraise the methodological quality of studies that have examined the psychometric properties of pastweek and usual-week PAQs in adult and elderly populations using the COSMIN checklist to determine the overall psychometric quality for each PAQ, and to compare the quality of measurement properties between past-week and usual-week PAQs. Identification of recall differences would substantially assist practitioners and researchers with their selection and implementation of robust and high quality PAQs.
Methods
The methodology and reporting of this systematic review was based on the PRISMA guidelines which enables transparent and complete reporting of systematic reviews [22] .
Inclusion/exclusion criteria
The following inclusion criteria for studies were adhered to: 1) studies that examined at least one measurement property of PAQs used in adults (i.e., ≥ 18 years of age); 2) studies that were written in English; 3) studies that examined PAQs with a recall period of 7-days PA within the past 12 months (i.e., Usual-week PAQs) or studies that examined PAQ during the past 7-days (i.e., Pastweek PAQs); 4) studies that examined self-administered PAQs; and 5) studies where the PAQ identified the following PA characteristics: duration, intensity and/or type of PA performed. Studies were excluded if: 1) questionnaires were based on physical function measures; 2) PAQs were administered as an interview; and 3) results were published as a conference abstract, review or case report. Studies were excluded if questionnaires were translated into a language other than English.
Search strategy
A systematic literature search was conducted to identify all relevant studies examining the measurement properties of PAQs in adults. Two electronic data bases (Medline and EMBASE) were used with searches conducted between July 1st 2016 and July 15th 2016, using both free-text words and subject headings (Table 1 ). All primary sources (i.e., journal articles) up to July 2016 were considered as part of the search.
From the search strategy, a total of 4056 abstracts were retrieved including duplicates. Duplicates (n = 75) were removed and which resulted in 3981 abstracts that underwent further screening. The summary of the search process is presented in Fig. 1 .
Selection process
Two independent reviewers conducted the stepwise literature search. Firstly, all titles and abstracts that potentially met the eligibility criteria were screened as either meeting the eligibility criteria ("yes"), potentially meeting the eligibility criteria ("maybe") or not meeting the eligibility criteria ("no"). Following abstract screening, a random sample (40%) of the abstracts was reviewed to determine the inter-rater reliability between both reviewers. A Weighted Kappa calculation of 0.76 (95% CI: 0.71-0.82) was obtained and considered as acceptable for inter-rater reliability [23] . Following this confirmation, all corresponding original journal articles (both "yes" and "maybe") were retrieved and further screening was undertaken based on the inclusion/exclusion criteria.
Methodological quality using COSMIN taxonomy
The methodological quality of included studies was assessed using the COSMIN taxonomy of measurement properties with definitions for health-related patientreported outcomes shown in Table 2 . The COSMIN checklist consists of nine domains: internal consistency, reliability (test-retest reliability, inter-rater reliability and intra-rate reliability), measurement error (absolute measures), content validity, structural validity, hypothesis testing, cross-cultural validity, criterion validity and responsiveness [15] . Of these domains, responsiveness, cross-cultural validity and criterion validity were not assessed for the following reasons: responsiveness -determination of the instrument's sensitivity to changes over time was beyond the scope of the current review; cross-cultural validity -questionnaires assessed in languages other than English were excluded during screening; and criterion validity -currently, there is no globally-accepted 'golden standard' based on consensus for assessing PA level [24, 25] . Interpretability was not examined as this component is not considered as a psychometric property. Each domain of the COSMIN checklist was assessed using scales consisting of 5 to 18 items that addressed issues on study design and statistical analyses. To determine the overall methodological quality per domain, [15] suggested to report the lowest item rating within the domain using their 4-point rating system (i.e., excellent, good, fair and poor, respectively). However, as this scoring system does not account for subtle differences in the psychometric qualities of each study, a revised version was implemented as previously described [26] . The raw item scores were transformed into a percentage of rating using the following formula:
Total score of each domain ¼ Total score obtained −minimum score possible ð Þ Highest score possibe −minimum score possible ð Þ Â 100
The final rating percentage for each domain was then qualitatively defined using the following categories: Poor = 0-25.0%, Fair = 25.1-50.0%, Good = 50.1-75.0%, Excellent = 75.1-100.0% [26] . Furthermore, all studies were appraised by two raters, independently with differences in ratings resolved via consensus.
Quality of the psychometric properties
To compare the strength of reliability (i.e., test-retest reliability) between Usual-week and Past-week PAQs, we calculated the weighted mean of correlation coefficients (i.e., r-values) using the following formula:
Where w = r-value of each study and x = sample size of each study
The weighted means of the r-values were calculated to account for sample size varying between comparisons within studies or between studies. When the sample size of each comparison was identical, the normal nonweighted r-values were averaged. The mean r-values were also calculated to compare the strength of 
Reliability
The degree to which the measurement is free from measurement error
Internal consistency
The degree of the interrelatedness among the items Reliability The proportion of the total variance in the measurements which is because of "true" differences among patients
Measurement error
The systematic and random error of a patient's score that is not attributed to true changes in the construct to be measured Validity The degree to which an HR-PRO instrument measures the construct(s) it purports to measure Content validity The degree to which the content of an HR-PRO instrument is an adequate reflection of the construct to be measured
Face validity
The degree to which an HR-PRO instrument indeed looks as though they are an adequate reflection of the construct to be measured
Construct validity
The degree to which the scores of an HR-PRO instrument are consistent with hypotheses based on the assumption that a HR-PRO measure validly measures the construct to be measured
Structural validity
The degree to which the scores of an HR-PRO measure are an adequate reflection of the dimensionality of the construct to be measured
Hypotheses testing Item construct validity
Cross-cultural validity The extent to which performance of the items from translated or culturally adapted measures adequately replicates the performance of the items from original versions of the measure Criterion validity The degree to which the scores of a measure adequately reflect a "gold standard" Responsiveness The measure's sensitivity to changes in the construct to be measured over time [27] . We also classified the psychometric quality of each measurement property for each study as either "positive" (+),"conflicting" (±), "indeterminate" (?), "negative" (−) "not reported" (NR) or "not evaluated" (NE) using quality criteria as previously described (Table 3 ) [17, 28] . For example, if the reported intra-class correlation coefficient (ICC) was 0.9 (≥0.7 classified as acceptable), then the psychometric quality for that particular psychometric property of the study will be classified as "positive". Conversely, if the reported ICC was 0.6 (not acceptable given that it is less than 0.7), then the psychometric quality of the study will be classified as "negative". If a number of reliability analyses had ICC values of above (i.e., ≥ 0.7) and below (i.e., < 0.7) acceptable standards within the same study, than the psychometric quality of the study will be classified as "conflicting". Studies that received a poor COSMIN rating were excluded from further analysis and were classified as "not evaluated" (NE).
To determine the overall quality per psychometric property for each PAQ, the methodological quality based on the COSMIN checklist and the psychometric quality based on [17] of each study were combined to determine the Level of Evidence [18] , thus generating an overall psychometric quality rating.
Data items and synthesis of results
Relevant items from the COSMIN checklist and from the quality criteria by [17] and [18] were analysed for each included study. Results were assessed and reported using the following sequence: 1) the description of the systematic literature search; 2) the characteristics of the instruments and description of all studies included in this review; 3) the methodological quality of each study reporting on psychometric properties of included PAQs based on the COSMIN checklist; 4) the psychometric quality based on the criterion by [17] for each psychometric property per study, including a comparison of the magnitude of weighted r-values of test-retest reliability and convergent validity; 5) the overall rating of psychometric properties using the Levels of Evidence by [18] for each PAQ and its comparison between Usual-week and Past-week PAQs. 
Included physical activity questionnaires
The characteristics of the 21 included PAQs and description of studies for the development and validation of PAQs are displayed in Tables 4 and 5 , respectively. Seven PAQs assessed 7-days of Usual PA level with a 12-month recall period for three PAQs, a 3-month recall period for three PAQs, and a 1-month recall period for one PAQ. Conversely, 14 PAQs assessed PA level over the Past 7-days. The subscales for the majority of PAQs were separated by intensity of PA level (e.g., light, moderate and vigorous) although a number of other PAQs were categorised according to mode of activity (e.g., walking, stairs, transportation, occupational and yard activities).
Psychometric properties of PAQs
Based on the COSMIN rating method for all included 21 PAQs (Table 6) , none of the studies showed "poor" ratings and thus the psychometric qualities of all studies were rated. The most frequently reported psychometric properties were hypothesis testing (all 21 PAQs) which ranged from good to excellent quality. This was followed by reliability testing (18 PAQs), which ranged from fair to excellent quality; content validity (7 PAQs), which ranged from fair to excellent quality; and internal consistency (6 PAQs), which ranged from fair to excellent quality. The least reported psychometric properties were structural validity (2 PAQs) with good qualities and measurement error (2 PAQs) ranging from good to excellent quality. Table 7 provides a comparison of the magnitude of the weighted mean of the r-values for test-retest reliability and convergent validity. The magnitude of the weighted mean of the r-values of PAQs were compared with direct measures (e.g., other PAQs, diaries or objective measures) or indirect measures (e.g., VO2max test). A further comparison was done between the magnitude of the weighted mean of the r-values for test-retest reliability of Usual-week and Past-week PAQs. The magnitude of the r-values for both Usual-week and Past-week PAQs were comparable (r = 0.62) with similar sample sizes (n = 1071 and 901, respectively). Only one study (Stanford Usual Activity Questionnaire) compared test-retest reliability between both direct (accelerometer) and indirect (VO2max test) measures with both objective measures showing higher test-retest reliability (r = 0.67 and 0.68, respectively) than the Stanford Usual Activity Questionnaire (Subjective measure; r = 0.46). When comparing convergent validity between recall methods, the magnitude of the weighted mean of the r-values appeared Occupation:
• Sedentary; standing; manual; heavy manual Type of activity:
• Hours/week Vigorousness of activity:
• Yes or No Flights of stairs:
• Floors/day IPEC-WA Usual 7-days To assess frequency and duration of several levels of incidental and planned physical activity in older people during the past 3 months Delbaere, Hauer [11] 2010 Usual 7-days over 3 months
Type of activity:
• Frequency/week; 0-4 h/session Walking activities:
• Frequency/week; 0-4 h/day Household activities: Vigorousness of activity:
• Frequency/week or/ month Leisurely walk:
• Frequency/week or/ month; Duration in minutes General movement:
• Hours/day Standing and sitting:
• Hours/day Seasonal changes: Walking:
• Blocks/day Stairs:
• Flights/day Recreational activities:
• Type of activity:
• Frequency/week; 0-4 h/day Household activities: Recreational activities:
• Frequency/week; < 1 h, 1-2 h, 2-4 h or >4 h Household activities:
• Yes or no; Type of activities Occupational activities:
• Hours/week; Type of activities Table 8 provides the quality of psychometric properties of Usual-week and Past-week PAQs based on the quality Table 7 The weighted mean of the correlation coefficients (r-value) for reliability testing and validity of Past-week and Usual-week PAQs (Continued) criteria set out by [17] . Table 9 summarises the overall rating of psychometric properties for each PAQ using the levels of evidence by [18] . Overall, the majority of psychometric properties showed "moderate negative" to "strong negative" ratings for both Usual-week and Pastweek PAQs. Of these, IPEQ-WA, SDANA, IPAQ-LF, IPEQ-W, OSPAQ, OSWEQ, SPAQ2 and TPAQ were PAQs that did not include psychometric properties with "negative" ratings. Both IPEQ-WA and IPEQ-W demonstrated "indeterminate" and "conflicting" ratings for internal consistency and reliability testing, respectively, with "moderate positive" ratings for structural validity and hypothesis testing. For SPAQ2, "limited positive" to "moderate positive" ratings were reported for reliability testing and hypothesis testing, respectively. When compared between different PAQ recall methods, Past-week PAQs had a greater proportion of "limited positive" to "strong positive" ratings (10 out of 36 ratings = 27.8%) than Usual-week PAQs (4 out of 20 ratings = 20.0%). However, Past-week PAQs had a greater proportion of "moderate negative" to "strong negative" ratings (14 out 36 ratings = 38.9%) than Usual-week PAQs (7 out of 20 ratings = 35.0%). Only few studies reported on internal consistency, measurement error and structural validity.
When compared between psychometric properties irrespective of PAQ recall methods, content validity had the greatest proportion of PAQs with "limited positive" to "strong positive" ratings (5 out of 7 ratings = 71.4%), whereas reliability testing had the greatest proportion of PAQs with "moderate negative" to "strong negative" ratings (10 out of 18 ratings = 55.6%). Overall, only few psychometric properties were reported with a majority of ratings having received 'negative' ratings.
Discussion
The current review examined the methodological quality of a large number of studies examining 7-day PAQs and the psychometric quality of included PAQs. We identified 21 PAQs, of which seven were Past-week PAQs and 14 were Usual-week PAQs, which led to the retrieval of 44 corresponding original articles reporting on the psychometric properties of the included PAQs. According to the COSMIN taxonomy, reliability and hypothesis testing were the most commonly reported psychometric properties, while internal consistency, measurement error, content validity and structural validity were seldom examined. The methodological quality of the studies for PAQs was good to excellent although the overall quality of a majority of psychometric properties of PAQs showed "negative" ratings. According to the magnitude of the weighted mean r-values, Past-week PAQs appeared to have better convergent validity compared to Usual-week PAQs, although the overall psychometric qualities of both Past-week PAQs and Usual-week PAQs were weak. Despite weak overall psychometric qualities, IPEQ-WA had the greatest number of "moderate positive" ratings with no "negative" ratings for Usual-week PAQ. For the Past-week PAQs, IPEQ-W had the greatest number of "moderate positive" ratings with no "negative" ratings and SPAQ2 had "limited positive" to "moderate positive" ratings with no "negative" ratings. The overall finding, however, is that a substantial number of psychometric properties were either not reported or showed "moderate negative" to "strong negative" ratings irrespective of PAQ type.
Quality of studies using the COSMIN taxonomy
According to the COSMIN taxonomy, the reliability domain consists of internal consistency, reliability testing and measurement error [15] . Of these psychometric properties, reliability testing was reported in a majority of PAQs, in the form of test-retest reliability, with the exception of three PAQs (YPAS, Checklist Questionnaire and IPAQ-LF). Internal consistency was only detailed in six PAQs (IPEQ-WA, SDANA, CAQ-PAI, IPEQ-W, PASE and PAR). Most of these PAQs showed moderate to excellent methodological quality for reliability testing, which are in line with previously published systematic reviews that have examined the methodological quality of self-reported PAQs in the adults [19] and elderly [21] . However, our current findings are in contrast to those reported by [16] , where half of their ratings for the methodological quality of test-retest reliability were 'fair'. These discrepancies could be due to the current review incorporating a modified COSMIN criteria by [26] which accounts for subtle differences in the psychometric quality of each study. Given that only few studies reported on internal consistency with 4 out of 7 COSMIN ratings scored as "indeterminate", determining the quality of this psychometric property for Usual-week and Past-week PAQs is at present not possible in the current review. Undoubtedly, the greatest deficiency for the reliability domain was the lack of examination of measurement error, which was only reported in two PAQs (EPIC PAQ and PASE) based on two studies [29, 30] . Not knowing the measurement error of a PAQ means that we cannot say with confidence that the reported PA level of a person is indeed accurate (i.e., a true reflection of the construct being measured). A framework to improve accuracy of PAQs has been published [10] , although further studies are needed to determine the measurement errors of popular PAQs to provide practitioners and researchers with robust measures.
With respect to validity, hypothesis testing was reported in all PAQs with good to excellent study qualities. A majority of hypothesis testing involved studies assessing convergent validity of PAQs by comparing its properties with other comparator instruments (e.g., accelerometers). These results differ to those reported by previous reviews that examined the psychometric properties of PAQs in the adults and elderly [16, 19, 21] by reporting poor to fair study quality. Again, these discrepancies in findings may be attributed to differences in the types of criteria used to assess the psychometric qualities of PAQs. Content validity was seldom reported (only seven PAQs) although the study quality ranged from good to excellent. Structural validity was only assessed for two PAQs with good study qualities..In the current review, the quality for structural validity was not assessed in a majority of studies given that the underlying constructs of PAQs were not assessed using statistical analyses to determine the uni-dimensionality of subscales (e.g., factor analysis, principle component analysis, Rasch analysis). Only the IPEQ [13] incorporated factor analyses and Rasch analyses to determine the overall structure and measurement properties of IPEQ. Subsequently, caution should be taken as assessment of internal consistency and structural validity are only relevant when instruments form a reflective model (i.e., when items are indicative of the same underlying constructs), rather than a formative model (i.e., when items together form the construct). When exploring the underlying constructs of various PAQs, future research should address whether studies are based on a formative or reflective model.
Quality of psychometric properties
A key aim of the current review was to examine the differences between Usual-week and Past-week PAQs. Previously, different recall versions of the IPEQ were examined in the one study [13] with IPEQ-WA (i.e., Usual-week PAQ) exhibiting greater test-retest reliability compared to the IPEQ-W (i.e., Past-week PAQ). This is not surprising, given that Usual-week PAQs control for week-to-week variation in PA patterns [10] . Interestingly, our findings showed comparable test-retest reliability between Usual-week PAQ and Past-week PAQ according to the magnitude of the weighted mean r-values. These discrepancies in findings between [13] (i.e., differences in test-retest reliability between IPEQ-W and IPEQ-WA) and the current review (i.e., similar test-retest reliability between Usual-week and Past-week PAQs) is possibly due to differences in acceptable cut-offs for test-retest reliability. For example, an ICC of ≥0.6 was considered as acceptable by [13] , whereas ICC of ≤0.7 in the current review (based on use of the criteria by [17] ) was below the acceptable cut-off and was therefore rated as "negative".
Whilst comparable test-retest reliability was reported between Usual-week and Past-week PAQs in the current review, Past-week PAQs exhibited stronger convergent validity than Usual-week PAQs when compared against direct measures (e.g., accelerometers). Such findings are expected, since recall of Past-week PAQs typically coincide with data collected from direct measures during the past week. Subsequently, Past-week PAQs may be more accurate in reporting actual PA patterns than Usualweek PAQs. Whilst the magnitude of weighted r-values between PAQs with direct measures and PAQs with indirect measures were similar for Usual-week PAQs (both were in the weak range), there was a moderate relationship between Past-week PAQs and direct measures whilst a weak relationship shown between Past-week PAQs and indirect measures. Accordingly, while it would be expected that individuals who reported higher levels of physical activity would demonstrate greater physical fitness, determining the validity of PAQs with indirect measures may not be as appropriate as direct measures, given that the dimension of measures are different [31] (e.g., two different types of measures that report level of PA would be more similar than measures that report level of PA and physical fitness).
For the overall psychometric qualities, only minor differences were evident between the PAQs. However, for each recall method, the strongest PAQ identified according to psychometric quality was IPEQ-WA for Usual-week PAQs and IPEQ-W for Past-week PAQs given that 4 out of 6 psychometric properties were evaluated of which structural validity and hypothesis testing had "moderate positive" results. However, internal consistency and reliability had "indeterminate" and "conflicting" results, respectively, warranting further research in the psychometric properties of IPEQ-WA and IPEQ-W. Furthermore, SPAQ2 indicated positive ratings for reliability testing and hypothesis testing, demonstrating good validity and reliability of Past-week PAQ. However, only two psychometric properties were assessed for SPAQ2 which appears to be a common limitation for all included PAQs. Subsequently, future studies should assess other psychometric properties to determine the overall quality of PAQs.
While a majority of PAQs consisted of reliability testing and hypothesis testing, irrespective of recall methods, these psychometric properties also had the most number of "moderate negative" to "strong negative" ratings. These findings are in line with findings from other systematic reviews that have reported the psychometric qualities of self-reported PAQs, even though these reviews were smaller in scope [16, 19, 21] . Interestingly, the findings from the current systematic review, and of others [16, 19, 21] , conflict with interpretations of the quality of reported validity and reliability values of PAQs as reported and interpreted by the authors themselves in a majority of included studies. This is because many of the authors in the included studies have interpreted test-retest reliability and convergent validity as being acceptable based on associations reported at a statistically significant level, with minimal regard to the strength of the relationship. According to previously established and accepted criteria [17, 18, 26] , acceptable test-retest reliability for correlations (r or rho) and ICC were 0.8 and 0.7, respectively. Furthermore, convergent validity of a questionnaire is acceptable if the correlation with its comparator instrument is at a statistically significant level (p ≤ 0.05) and the strength of the correlation is at least moderate (r ≥ 0.5) [17, 18, 26] . Accordingly, whilst the included studies reported associations at a statistically significant level for both reliability testing and hypothesis testing, the results were classified as "negative" ratings in the current review given that the magnitude of the association was not met in accordance to the psychometric criteria (i.e., r ≥ 0.5). Consideration for the strength of the relationship is essential, given that a large sample size will exhibit associations at a statistically significant level, despite weak associations, as reported in a number of studies included in the current review. Indeed, an appropriate sample size must be met for studies exploring psychometric properties of instruments in order to reach clinically relevant conclusions, given that a limited sample size may not be generalisable to a wider population [32] . Furthermore, future studies should interpret correlations based on the magnitude of the correlation, rather than the statistical significance (i.e., p ≤ 0.05) when determining validity of PAQs [32] . Subsequently, interpretation regarding validity and reliability of PAQs should consider both the statistical significance and the corresponding magnitude of the association between measured variables.
Limitation
There are a number of limitations that should be elaborated upon. First, the PAQs with recall timeframes other than 7-days were outside the scope of this systematic review and may have different psychometric properties. Second, the PAQs in the current review were limited to those used by English speaking adults and those that were self-reported. Future studies may compare different recall methods of PAQs using other populations (e.g., children, individuals from non-English speaking backgrounds, etc.) and different PA collection methods (e.g., PAQs with recall time frames other than 7-day periods, studies that administered PAQs as interviews etc.). Fourth, the PAQs selected for the current review is one of energy expenditure. It is important to acknowledge that PA level can be influenced by social, physical and policy environments [33, 34] . Subsequently, further research is warranted to analyse the psychometric properties of other PAQs that account for these factors. Finally, while evaluation of responsiveness was beyond the scope of the current review, comparison of this psychometric property between different PAQ types may support the suitability of PAQs to assess PA level.
Conclusion
In conclusion, the current review identified that most PAQs did not report on several psychometric properties. Based upon well-defined analyses, the overall psychometric quality of PAQs showed multiple "negative" ratings, indicating that current 7-day PAQs are rather weak and caution should be taken when interpreting PA level using these PAQs. When comparing different recall methods, Past-week PAQs showed a stronger correlation with direct measures compared to that of Usual-week PAQs, suggesting that Past-week PAQs may be a more accurate measure of PA patterns. However, minimal differences were noted between the Usual-week and Pastweek PAQs for the overall psychometric quality. While IPEQ-W and IPEQ-WA demonstrated the strongest psychometric properties with positive ratings, followed by SPAQ2, there were still a substantial number of psychometric qualities that were not assessed which limits the usability of these PAQs. To resolve the issues identified in the current review, future studies are encouraged to investigate a greater range of psychometric properties for those 7-day PAQs that are promising (e.g., IPEQ-WA, IPEQ-W and SPAQ2). However, further investigation is warranted for all 7-day PAQs with 'negative' ratings by incorporating item response theory.
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